A FTER RECORD HIGH LEVELS OF sexually transmitted diseases (STDs) in the late 1940s, China's socialist regime was remarkably successful in suppressing commercial sex and STDs from the 1950s through the 1970s. [1] [2] [3] However, in the last 2 decades, commercial sex has returned, and STD prevalence in China has increased. Human immunodeficiency virus (HIV) infection has begun to spread beyond the initial transmission pockets of injection drug users (IDUs) and blood transfusions. [4] [5] [6] If current infection trends persist, absolute numbers of individuals with HIV infection are projected to surpass current numbers in the United States within 2 years and those in South Africa (currently the highest) within a decade. 6, 7 Reports from public health clinics and special studies of highrisk clinic patients, IDUs, and commercial sex workers reveal several dimensions of the problem. [8] [9] [10] China's public health reporting system tracks 8 STDs, including HIV and acquired immunodeficiency syndrome (AIDS), gonorrhea, syphilis, genital warts, nongonococcal urethritis/ cervicitis, genital herpes, lymphogranuloma venereum, and chancroid. The system does not track chlamydial infections. The reported annual incidence of all 8 infections combined was only 0.07 per 100 total population for the year 2000. 4, 11 Asymptomatic infections, incomplete coverage, and other issues could lead to underreporting. fection with C trachomatis and N gonorrhoeae and to identify social and behavioral characteristics associated with infection.
METHODS

Sample
With the exclusion of Tibet and Hong Kong, the sample is nationally representative of the adult population of China aged 20 to 64 years. This population sample was drawn probabilistically in 4 steps following standard procedures for complex samples. 16 First, using the 1990 national population census and public health reports of STD infection rates in different provinces and cities, China was divided into 14 strata based on size of urban population and location on the southern and eastern coasts (where STD infection rates have been reported to be high). To capture higher STDs in some regions, coastal regions and large cities were oversampled using known population weights. Second, 2 to 6 administrative units (urban districts, smaller cities, and counties) were selected from each stratum, with the probability of the unit being selected being proportional to the population of that unit. These provided 48 primary sampling units. Third, on arriving at a sampling unit, each survey team arrayed the subunits in the county or city by population size and again picked 1 to 2 subunits (neighborhoods in cities, villages or towns in counties) probabilistically, with more highly populated subunits having a greater probability of being selected. This produced a total of 60 sample communities. Fourth, using the official community registers of households and temporary migrants, the adult population aged 20 to 64 years was arrayed in order. Starting with a randomly chosen person from this list, individuals were picked at fixed intervals to produce approximately 83 individuals per community (5000/60 communities=83).
The 60 interview sites (villages and urban neighborhoods) were distributed as shown in the FIGURE. Except for Tibet, all of the 31 provincial-level municipalities (Beijing, Shanghai, Tianjin, and Chongqing) and provinces had a chance of being included in the sample. Each of the provincial-level units can be ranked by 1996-2000 average prevalence in the national STD reporting system for the 8 STDs mentioned earlier. 1, 2 With the exception of Chongqing, the sample included 2 or more sample sites in each of the 8 provinces with the highest prevalence levels for 8 reportable STDs. Thirteen provinces were not represented in the sample. Tibet was intentionally omitted because of the sparse population and travel difficulties, and 12 happened not to be selected by chance. Of the 13 not included, 10 ranked below the median STD prevalence for all provinces. These include Yunnan (southwest) and Xinjiang (far west) provinces, which had many IDU-related HIV cases but only modest levels of STDs. The 3 unrepresented provinces with abovemedian STD prevalence were Chongqing Municipality and Jiangxi and Guangxi provinces, with Guangxi having a high rate of IDUs and cases of HIV.
Interview
A computerized interview, based in part on the 1992 US National Health and Life Survey, 17 was pretested in China in 3 field trials. Also, 50 husband-wife pairs were given shortened versions of the questionnaire. Statistics on their agreements about shared sexual behavior produced values that averaged 0.35, modest but in the same range as agreement about other aspects of family life such as spousal violence and relative social status of parents (average =0.27). Another 50 respondents had repeat interviews after a gap of 2 months. The 21 items about sexual behavior had average agreement values of 0.75 when the same items were compared across the 2 separate interviews. The final questionnaire for the study (Chinese Health and Family Life Survey) can be downloaded at http:// www.src.uchicago.edu/DATALIB /DLproj/chfls.html. 18 Mostly mid-to late-career social workers and researchers in their 40s and 50s (a total of 39 interviewers) had 1 week's training, and then continued with the project for most of a year from August 1999 to August 2000. In the field, interviewers were of the same sex as the respondent.
For the sake of privacy, interviews took place away from the respondent's home. In large cities, these facilities were typically private rooms in a neighborhood hotel. In villages and smaller towns, these facilities were rooms in a larger home or in a village meeting place. Interview team members approached individuals who had been drawn in the sample, explained the purpose of the interviews, and read them an informed consent statement approved by the institutional review boards. Oral and computer-entered consent were obtained prior to the hour-long interview, which began with the interviewer in control of the computerized interview and continued with the computer controlled entirely by the respondent. Only 13% (often older women in the countryside) needed continued interviewer assistance in this last portion of the interview. Respondents were also asked to provide a urine sample. The methods were approved by institutional review boards at the University of Chicago, Chicago, Ill; Renmin University, Beijing, China; and Peking Union Medical College, Beijing, China.
Weighting and Statistical Analysis
When weighted according to sampling fractions, the data set of successful interviews had too few individuals in their 20s and too few in their 50s and 60s, as judged by national census figures and annual population surveys conducted by the government. Accordingly, analysis weights were further adjusted to make the age distribution approximate what is found in these other data sources. Since those who failed to provide a urine sample were only marginally different from those who did, judged by tests of significance, we made no further adjustments among those who provided urine. After adjusting weights for both sampling fractions and age distributions, percentage distributions for urban residence, age, and education closely paralleled data available in the national census and other national-level statistics, thereby implying that the adjusted sample is representative of the total adult workingage population. 19, 20 Using svy methods in the STATA 7.0 statistical package (STATA Corp, College Station, Tex), the analysis was adjusted for sample strata, primary sampling units, and population weights. [21] [22] [23] Confidence intervals (CIs) for prevalences used a logit transform so that the end points lie between 0 and 1. Risk factors that commonly emerge in the literature on STDs in developing countries were included. A stepwise procedure to report the most parsimonious logistic equation models was not used because of the danger of overemphasizing chance features in the data. Instead, relatively full models that engage the existing literature and the assumptions within China on major risk factors were used. Other risk factors found in other societies, but found not to be applicable in China, were also considered in the baseline models. Standard logistic equation methods were used, 24 and condition indexes and other indicators of possible multicollinearity among risk factors were examined. 25 Standard demographic characteristics (age, education, income, urban residence), standard risk factors (sexual partner history), and migration status were forced into the models.
Laboratory Methods
Urine specimens were frozen and taken to a central laboratory where assays were performed within 30 days. Neisseria gonorrhoeae and C trachomatis were measured with ligase chain reaction (Abbott Laboratories, North Chicago, Ill), according to the manufacturer's instructions. The testing was done without further confirmation.
Cleaning and maintenance of instruments were performed as instructed by the manufacturer. Notification of results was sent by mail. However, confidentiality in the mail system was a concern. To reduce the number of individuals who would have access to the names of participants in the survey, only participants with positive results were notified if they had requested notification at the time of interview. In the notification, participants were referred to their local public health clinic with a description of their infection and the appropriate treatment.
RESULTS
Of the 5000 individuals initially sampled, 3813 study participants completed the interview and 3426 also provided a urine sample, yielding a final participation rate of 69%. Participant and data losses were of 3 types: (1) those who refused to be interviewed (n=897); (2) those who failed to provide a urine sample (n=340), including those who refused (n=299) and those for whom a urine sample or data were mishandled during processing (n=41); and (3) those who did not actively refuse to be interviewed but for whom data were not obtained (n=337), including those who had migrated or were never at home after repeated visits, were outside the designated age range, were deceased, had mental or physical illness, or were not Chinese, as well as loss of data due to computer failure or data mishandling after the interview. Those who provided urine samples were only marginally different from the total sample of 3813 individuals who provided demographic interview data. In comparisons of age, education, income, region, and the risk factors used in our analysis, only urban residence influenced whether respondents provided urine (PϽ.001). Urine was given more readily when individuals were rural (97%) rather than urban (90%). This differential response only increased the urban estimates from 28% to 29%. Accordingly, we did not adjust for differential urine response in subsequent analysis. In the weighted sample of respondents of all ages, prevalence of chlamydial infection per 100 population for women was 2.6 (95% CI, 1.6-4.1) and was 2.1 (95% CI, 1.3-3.3) for men. Gonorrheal infection prevalence for women was 0.08 (95% CI, 0.02-0.4) and 0.02 (95% CI, 0.005-0.1) for men. Given the paucity of gonorrheal infection in the sample, the subsequent analysis focuses on chlamydial infections. Also, because only those younger than 45 years have many chlamydial infections, the analysis below concentrates on this younger half of the sample (n=2373).
Demographic and behavioral characteristics of study participants aged 20 to 44 years are reported in TABLE 1. The coastal south includes counties close to the coast in the 2 provinces of Fujian and Guangdong, both near Hong Kong. The urban sites in our sample had figures for farm labor force of less than 15%. In this study, migrants were defined as individuals from other locales who have been in their current locale less than 5 years and who remain without an official household registration at their current locale. Of these, 95% were rural-to-urban migrants. They were younger (mean age of 26 vs 32 for residents; PϽ.001) and more likely to be single (35% vs 18%; P=.02). A higher proportion of male migrants worked in manual labor and sales and service jobs than their urban male counterparts (71% vs 46%; P = .03). A higher proportion of female migrants were selfemployed or worked in sales and service jobs than their urban counterparts (74% vs 38%; PϽ.001). When weighted, the sample percentage distributions for urban residence, migration, age, and education shown in Table  1 are all within 5% of percentages in the 2000 census for China. 26 Ten percent of men and 4% of women reported having sex with 2 or more noncommercial sexual partners in the last year. Less than 1% of women reported receiving money for sex either from repeat customers or from a boyfriend. Nine percent of men reported paying for sex. When having sex with a commercial sex worker, they typically failed to use a condom. About half the men reported they had sex with their wife or other steady partner during the last week. Eighty-seven percent of the women were married (n = 1032) or had some other steady sexual partner (n=44). The last 3 categories of Table 1 report characteristics reported either by a man or his wife or steady partner. Split at the midpoint of all men and male incomes, women had partners who were somewhat older and thus more likely to be retired and receiving a lower income. Possibly as part of business or official entertaining, 25% of men socialized in the evening more than once a week. Thirty percent of men were out of town on business or official travel for more than a week during the year.
Chlamydial infections varied with risk factors (TABLE 2). Among men aged 44-20.3) . The steady partner coefficient merely adjusts for the inclusion women with no steady sex partner in the lowest reference category of the male characteristics at the bottom of the table.
Other possible risk conditions and factors were not significantly associated with chlamydial infection. When included singly or in combination with other risk conditions, current symptoms (burning urination, genital ulceration, genital discharge) and symptoms in the previous year (vaginal bleeding, genital pain) were not associated with positive laboratory test results. Many other plausible risk conditions were not associated with chlamydial infection, including ever having an STD, having an STD last year, recently having taken antibiotics, being unemployed or self-employed (geti hu), tionally omitted because unprotected commercial sex is the dependent variable. For the column under "Cases of Chlamydia" and "Men," ellipses indicate data intentionally omitted because statistically insignificant. †Indicates values are statistically greater than lowest reference category at PϽ.05. ‡Indicates resident in locale for less than 5 years and lack of household registration. §Indicates no sexual partner or only partnerships lasting less than 1 month. Indicates no sex with steady sex partner during previous week. ¶The 159 women with no steady sex partner are included in this category. working in a sales or clerical job, being hit by partner ever or during last year, having sexual contact as a child, early puberty, and heavy alcohol consumption.
COMMENT
The results from this populationbased national study suggest that there is a hidden STD epidemic in China. Consistent with a study of Chinese commercial sex workers, which found 38% had chlamydial infections and 8% gonorrheal infections, 9 we found chlamydial infections much more common than gonorrheal infections in the general population. Given the infrequency of symptoms with chlamydia, few individuals with chlamydial infection will seek treatment. The Chinese national reporting system, which does not monitor chlamydial infections, reports an annual incidence for 8 STDs of only 0.07 per 100 total population for 2000. [4] [5] [6] [7] [8] [9] [10] [11] The low reported figure is consistent with the prevalence being reported for total rather than adult population, the acknowledged underreporting of all STDs, 4 and the absence of systematic data gathering for chlamydial infection. 4 This silent chlamydial epidemic may cause many women to become infertile, to have ectopic pregnancies, and possibly to be at greater risk for HIV infection.
27 A failure to confront the epidemic could have serious consequences.
In addition, this study shows that the prevalence of chlamydial infection in urban China is as high as or higher than among urban groups in developed western societies. Three comparable studies in developed western settings used population-based probability samples and urine ligase chain reaction tests of infections. We compared the results of these studies to the results found for China in our study, using comparable residence, sexual experience, and age group data. Fenton et al 12 Chlamydial infection rates among rural Chinese seem comparable with those in rural Africa, a region typically reported to have extremely high infection rates. 29 Ignoring large regional differences, Chinese rural chlamydial infection prevalences for those aged 20 to 59 years were 1.7 (95% CI, 0.1-3.3) for women and 2.2 (95% CI, 0.8-3.6) for men. In a region of Uganda among individuals aged 15 to 59 years, rural prevalences were 2.1 (95% CI, 1.7-2.5) for women and 2.4 (95% CI, 2.0-2.8) for men. 29 The results of this study also suggest that infection transmission remains concentrated in paths that lead from commercial sex worker to husband/steady partner to wife/steady partner. Even in the developed countries of the West, infection often results not from a woman's own risky sexual behavior, but instead from that of her husband or steady sexual partner. [30] [31] [32] This risk pattern may be even stronger in developing countries. With a dualstandard about sexual behavior for men and women, many of these societies find women most often infected by their husbands. [33] [34] [35] [36] [37] [38] [39] [40] A typical infection path is that of commercial sex worker to husband to spouse. 34, 41 The results of this study of chlamydial infection in China fit a similar pattern. In our weighted sample, only 110 men and 45 women had sex with 2 or more (noncommercial) sexual partners during the previous year (Table 2) . And these individuals had low rates of chlamydial infection. These results are consistent with a low rate of transmission of chlamydial infections through lateral, casual sex networks. Chlamydial infections are more often passed through commercial sex networks, with men who earn a high income, travel, and socialize often having the most opportunities for commercial sex. Women married to men and women with male steady partners with these same characteristics are more often infected, giving circumstantial evidence of the infection path.
The good news of this finding is that concentrated public health campaigns to educate commercial sex workers and their clients and to encourage condom use could have a major impact, much as it did in Thailand. 42 The bad news is that open publicity about condoms use by commercial sex workers (who remain technically illegal in China) is politically difficult-as much or more with the public as with government officials. 43, 44 Finally, these data suggest that it is possible to identify significant risk groups, even if not always the risk groups one would expect from the experience of other societies. 45 Chlamydial infection is typically seen as a disease of youth in developed countries in the West, and screening concentrates on those younger than 25 tion-based studies complicate this picture with findings that individuals may also carry asymptomatic C trachomatis into their middle 30s. 12, 28, 48 Moreover, in China and other Asian societies, with sexual activity typically beginning after adolescence, earliest first sexual intercourse with one's spouse or fiancé, and the slow acquisition of income for use in commercial sex, the onset of STDs could be particularly late. 8, 49 The results of this study show that chlamydial infection is concentrated among those aged 25 to 44 years in China, rather than among those younger than 25 years.
In much of the world, individuals who are more educated and who earn higher incomes are more sexually active. 49, 50 However, the educated can also learn to use condoms, avoid the riskiest sexual partners, and take other protective measures in ways that help weaken socioeconomic status as a risk factor for STDs. 12, 49, 51 In this study, successful Chinese men who earned a high income were more likely to engage in unprotected commercial sex. Likewise, women linked to men who earn a high income were more likely to be infected. However, more educated Chinese men and women were less likely to be infected (Table 2 and Table 3) . Education, then, may confer unspecified advantages that public health campaigns could build on.
Other risk factors were not useful in predicting infection. As measured in this study, being a rural-to-urban migrant posed no special risk. Common symptoms (burning urination, genital discharge, ulceration) were not associated with infection in this study. This implies that syndromic analysis algorithms may not be helpful. In this study, having sex with multiple sexual partners (not commercial sex workers) posed little additional risk for chlamydial infection. Infections were not being passed through casual sex networks. Similarly, for Chinese women in this study, self-employment, sales/ clerical work, alcohol consumption, previous STD infection, spousal violence, and childhood sexual contact all failed as significant risk factors for chlamydial infection. For these women, since the major risk was associated with the behavior of their husband/steady partner, examining their own behavior was unhelpful.
However, our study has several limitations, including incomplete sampling of migrants, underrepresentation of men in their early 20s, a small number of primary sampling units, few rural respondents, and only 37 men who tested positive for chlamydial infection. Perhaps half of all migrants are not in government registers at their place of destination. 52 And, conversely, many men and some women in their early 20s may have left their original place of residence and could not be located by interviewers. This unregistered and unlocatable population could be engaging in more risky behavior than our data suggest. Thus, our results could understate the degree of risk among young migrants, particularly in large cities and in southern coastal locales to which many of these migrants move. 26 Moreover, the sample design, which includes a sparse set of primary sampling units, few rural respondents, and few men with chlamydial infection, produces large design effects and wide CIs for some results. This implies that we have probably found fewer significant risk factors than would occur in a larger sample, more focused on those younger than 45 years and with a wider array of rural and urban primary sampling units.
CONCLUSION
China has a hidden epidemic of C trachomatis. This epidemic is both a danger in itself and a marker of possible paths of the HIV/AIDS epidemic as it moves into heterosexual transmission networks. The chlamydial epidemic is concentrated in commercial sex networks, with socially active men who earn a high income and transmit these infections to their wives and other steady sex partners. The concentration of chlamydial infections in commercial sex networks suggests the possibility of targeted campaigns to reduce the STD burden among commercial sex workers and to increase AIDS awareness and condom use among both sex workers and their clients.
